The formation of an initiation complex with rabbit reticulocyte ribosomes and certain templates is dependent upon the action of two initiation factors (IF-I and IF-II) of protein synthesis isolated from 0.5 M KCl extracts of rabbit reticulocyte polysomes. IF-I medi-ates the GTP-dependent, but template-independent, binding of the cytoplasmic initiator transfer RNA (rabbit liver) to a 40S ribosomal subunit. In the presence of a 60S ribosomal subunit and of AUG, AUG(U)25, or rabbit-globin messenger ribonucleoproteins (but not of rabbit-globin messenger RNAs), IF-II causes the transfer of the initiator transfer RNA to an initiation complex containing an 80S ribosome. Although 5'-guanylylmethylenediphosphonate can replace GTP as the cofactor used in binding the initiator transfer RNA to IF-I or to a 40S ribosomal subunit, the subsequent transfer of the initiator transfer RNA to an initiation complex requires GTP and cannot take place in the presence of 5'-guanylylmethylenediphosphonate. After the formation of this initiation complex, the initiator transfer RNA is bound in the P site of the 80S ribosome since exposure of the complex to puromycin releases the methionine residue from the initiator transfer RNA as methionyl-puromycin.
The major components of an initiation complex, involved in eukaryotic cytoplasmic protein biosynthesis, have been identified and include the 40S and 60S ribosomal subunits, the initiator tRNA (Met-tRNAMe), and an mRNA containing an appropriate initiator AUG codon (1) . However, the identities, physical properties, and functions of individual initiation factors that control the formation of this initiation complex have not been well characterized. Previous reports (2-5) from our laboratory have described one initiation factor (IF-I), isolated from 0.5 M KCl extracts of rabbit reticulocyte polysomes, which is required for the template-independent binding of Met-tRNA Met (rabbit liver) to a 40S ribosomal Met Abbreviations: Met-tRNA, , methionyl-tRNA that can be enzymatically formylated (except for Met-tRNA Met from plants) by Escherichia coli enzymes and that functions as the initiator tRNA in the cytoplasm of eukaryotes; GDPCP, 5'-guanylylmethylenediphosphonate; mRNPs, globin mRNAs with associated proteins that are released from rabbit reticulocyte polysomes by treatment with EDTA; P site, peptidyl-tRNA binding site on the ribosome; A site, aminoacyl-tRNA binding site on the ribosome; IF, initiation factor. subunit (rabbit reticulocytes). In the absence of ribosomal subunits, IF-I forms a stable ternary complex (2, (4) (5) (6) (7) (8) with GTP [or 5'-guanylylmethylenediphosphonate (GDPCP) (2) ] and with the cytoplasmic initiator tRNA from all eukaryotic sources tested (rabbit reticulocytes, rabbit liver, chicken liver, and rat liver) (4); these ternary complexes are retained by Millipore filters (2, (4) (5) (6) (7) (8) . Ternary complex formation is blocked by ammonium aurintricarboxylate (3) or by prior reaction of IF-I with any one of the sulfhydryl reagents tested [N-ethylmaleimide, cystamine, and 5,5'-dithiobis-(2-nitrobenzoate)] (4). IF-I has been purified from a variety of eukaryotic tissues and cells (rabbit reticulocytes, rabbit liver, chicken reticulocytes, chicken liver, and chick embryonic leg muscle), and no differences were found between these IF-I preparations with respect to either their biological activities or their physical properties (4) . The molecular weights of all IF-I activities in 0.5 M KCl polysomal extracts were determined to be approximately 370,000 (4) .
We now report the detection, purification, and function of a second eukaryotic initiation factor (IF-II) of protein synthesis isolated from rabbit reticulocyte IF-I of 370,000 molecular weight. The IF-I and IF-II activities in the complex of 370,000 molecular weight were separated by sequential step elutions from DEAE-cellulose. IF-II is required for the transfer of Met-tRNAm" (rabbit liver) from a 40S ribosomal subunit to an initiation complex in the presence of 60S ribosomal subunits. This transfer is stimulated greatly by the initiator AUG triplet, by the defined oligoribonucleotide AUG(U)25, and by rabbit-globin messenger ribonucleoproteins (mRNPs), but not by rabbit-globin mRNAs. After the IF-IImediated transfer of the initiator tRNA, the tRNA is bound to the P site of the 80S ribosome where the methionine residue is available for reaction with puromycin. All functions of IF-II require GTP in an enzymatically hydrolyzable form.
MATERIALS AND METHODS
The preparations of high-specific-activity i_[35S]methionine (9) , [35S]Met-tRNAmet (rabbit liver) (10, 11) , and templateand factor-free rabbit reticulocyte ribosomes (12) have been described. Rabbit-globin mRNPs were isolated from polysomes by treatment with EDTA followed by zone velocity sedimentation through preformed sucrose density gradients (13) , and then were recovered by high-speed centrifugation (5) . (pH 7.4 at 20°)-5 mM MgCl2-1 mM 2-mercaptoethanol]. In addition to the above solution, which contains the IF-I ternary complex reaction mixture, to the second incubation also are added 1.5 A260 nm units of rabbit reticulocyte ribosomes (12) and, as specified in the legends, 10 (5) .
RESULTS
The series of events that culminate in the formation of an initiation complex with rabbit reticulocyte ribosovnes is illustrated in Fig. 1 (2) . In the presence of IF-I and GTP, [35S] Met-tRNA, is bound to a 40S ribosomal subunit (Fig. 1A) . The addition of the initiator AUG triplet, or of the defined oligoribonu- (Fig.  1E and F) . This transfer is promoted by the oligoribonucleotides AUG and AUG(U)2s (compare Fig. 1D with Fig. 1E and   F ). An initiation complex also can be formed in the presence of rabbit-globin mRNPs (Fig. 2A) . The mRNA-associated proteins are required for the formation of this complex; globin mRNAs derived from the mRNPs by phenol deproteinization do not contribute to a level of initiation complex formation greater than that observed in the absence of any exogenous template (compare Fig. 1D with 2B ).
If the IF-I-[35S]Met-tRNAmt-GTP ternary complex is
formed with the GTP analogue, GDPCP (2), [35S]MettRNAMet subsequently can be bound to a 40S ribosomal subunit (Fig. 3A) . However, in this case, the IF-II-mediated transfer of the [3'S]Met-tRNAMet to an initiation complex containing an 80S ribosome is prevented (Fig. 3B) . If free GTP (0.9 mM) is added to the second incubation, after the IF-I ternary complex has been formed in the presence of GDPCP during the first incubation, very little of the IF-IImediated transfer of the initiator tRNA is observed (Fig.  3C) .
The formation of a functional initiation complex requires that the initiator tRNA be bound to the 80S ribosome in a site where the methionine residue of the initiator tRNA is ready to form the first peptide bond (1) . (Fig. 4) (25) One of the initiation factor activities (IF-I) described in this paper is similar to the activity exhibited by a combination of two factors (IFE2 plus IFE3) found by Schreier and Staehelin (8) (8) . In order to carry out requirements for mRNA-associated proteins observed in two Proc. Nat. Acad. Sci. USA 71 (1974) this reaction, IFE2requires the presence of IFE3, an extremely large substance that sediments at 15 S or 17 S in glycerol density gradients (8, 26) . We have never observed any requirement for such a factor at any stage during the assembly of an active initiation complex. Perhaps our second factor, IF-II, which, with certain templates, is capable of completing the formation of an 80S initiation complex, corresponds with one or more of three other briefly described initiation factors (IFE1, IFE4, or IFE5) (8, 26) . However, no information concerning the purifications, physical properties, or functions of these factors has been published, beyond a mention that IFE4 is required to form an 80S initiation complex (8) , and a brief note that IFE5 (influenced by IFE1 and IFE4) is necessary for this same reaction, which then was stated to be ATPdependent (26) .
In summary, we have defined the requirements of the steps that culminate in the assembly of a functional eukaryotic initiation complex, and have described in detail two of the specific initiation factors (IF-I and IF-II) that control the formation of this initiation complex.
